Samples of wastewater sludge were examined for infectious enteroviruses before and after they had been chemically conditioned and dewatered. The least virus was recovered from the cake produced by filter pressing of sludge, which had a greatly increased solids content (39 to 45% [wt/vol]) relative to the untreated sludge (4.2 to 6.2% [wt/vol]) and in one plant was at pH 11 due to the lime conditioner used. Conditioning with a cationic polyelectrolyte before dewatering by centrifugation produced a watery sludge (2.7 to 5.3% [wt/vol]) from which high titers of infectious virus were recovered which were often greater than those isolated from the untreated sludge (0.6 to 1.4% [wt/vol]). This was thought to be due to saturation of virus and sludge floc adsorption sites by the polyelectrolyte, resulting in the liberation of virions from the sludge solids.
Samples of wastewater sludge were examined for infectious enteroviruses before and after they had been chemically conditioned and dewatered. The least virus was recovered from the cake produced by filter pressing of sludge, which had a greatly increased solids content (39 to 45% [wt/vol]) relative to the untreated sludge (4.2 to 6.2% [wt/vol] ) and in one plant was at pH 11 due to the lime conditioner used. Conditioning with a cationic polyelectrolyte before dewatering by centrifugation produced a watery sludge (2.7 to 5.3% [wt/vol]) from which high titers of infectious virus were recovered which were often greater than those isolated from the untreated sludge (0.6 to 1.4% [wt/vol] ). This was thought to be due to saturation of virus and sludge floc adsorption sites by the polyelectrolyte, resulting in the liberation of virions from the sludge solids.
Many of the small wastewater treatment plants in the United Kingdom use biological filter beds for their secondary stage of treatment. The humus sludge produced from these filters is generally combined with the raw sludge produced by primary settlement before being chemically conditioned prior to dewatering by either centrifugation or filter pressing. Activated sludge produced by the larger treatment plants may be similarly dewatered, the dried products being subsequently disposed of to land. Although high levels of virus have been isolated from both digested raw sludge and consolidated digested sludge (5), only preliminary data have been reported on the effect of chemical agents during sludge treatment (4) . (Fig. 1) . The samples were dip samples (500 ml) or pooled dip samples consisting of two to three daily samples, from which a 500-ml portion was taken and held in 500-ml plastic bottles. A few milliliters of chloroform was added to each bottle to inhibit bacterial growth, and the bottles were kept at about 7°C. They were transported in an insulated box by rail, delivered on the day of sampling, and processed immediately on arrival at the laboratory.
Isolation of viruses. The technique used for the isolation of viruses was based on that of Glass et al. (3) , incorporating the organic flocculation concentration method of Katzenelson et al. (6) and modified by the use of skim milk as elutant (2), as described in Goddard et al. (5) .
Assay and identification of viruses. Buffalo Green monkey kidney (BGM) cells between passage levels 112 and 130 were used in the cell suspension plaque assay, and isolates were identified by using neutralizing antisera (5) .
RESULTS
Throughout the period of sampling (May to November 1980), all three smaller plants (sewage inputs: 5,000 to 37,000 m3 day-') which employed biological filtration for their secondary sewage treatment process, generally had high levels of enterovirus (149 ± 43 PFU g-1) in the raw and humus sludge mixture before dewatering (Fig. 2) . Maxima of 620 PFU g-1 occurred in plants A and C in October and August, respectively, although infectious virus was not always detected at these plants. Conditioning with lime and copperas (plant A) or with Zetag 94 (plant C), followed by dewatering by filter press, provided a cake in which virus was not detected, except on one occasion in plant A (0.8 PFU g-1; October 1980). However, after conditioning with Zetag 92 (plant B) and subsequent dewatering by centrifugation, the recovery of virus from the centrifuged sludge was sometimes greater than that from the untreated raw and humus sludge mixture. This occurred particularly during the summer months, although infectious virus was reduced to undetectable or very low levels in September and October.
The levels of virus in the surplus activated sludges produced by the larger treatment works (plants D and E) were fairly constant throughout the period of study (16 + 5.9 and 210 ± 97 PFU g-, respectively), although virus was not always detected (Fig. 3) . However, in plant D, the centrifugation of these sludges resulted in levels of virus which were an average of 3-fold greater than those of the untreated sludge (this average excluded an exceptionally high increase, 13-fold, which occurred during late July). In plant E, in which a low dose of polyelectrolyte conditioner was employed before centrifugation, the levels of virus were high (ranging up to 245 PFU g-) but always less (about 62%, on average) than those in the original surplus activated sludge. The range of virus types isolated from the sludges was limited by the use of one cell line (BGM) to polio 1, 2, and 3, coxsackie B2, B3, B4, and B5, and echo 9. There was no selective increase in virus types after polyelectrolyte conditioning, as the full range of viruses listed above was isolated from the dewatered products during the survey period.
DISCUSSION
Our failure to recover infectious virus from the sludge cake produced by filter pressing after lime-copperas treatment was not surprising, if only because of the high pH which was induced and which has been found previously (10, 11) to inactivate both poliovirus and reovirus seeded into sludge. It is also possible that the high solids content of the cake interfered with our ability to recover virus. However, what was more interesting was our observation that, in plants B and D, higher levels of virus were recovered after polyelectrolyte treatment and dewatering than were apparently present in the starting material. Since this phenomenon was not observed in plant E, which used the same chemical conditioner as plant D, although at half the concentration, we conclude that the result was a reflection of the concentration used in relation to the function of cationic polyelectrolytes.
It is well established that polyelectrolytes adsorb on negatively charged colloidal particles with the formation of particle-polyelectrolyteparticle bridges (12) . Optimum destabilization of the colloidal suspension occurs when a small fraction of the available adsorption sites are covered, and if these sites become saturated with polyelectrolyte, no sites are available for the formation of polyelectrolyte bridges. Dewatering of activated sludge by cationic polymers has been previously reported to result in rapid desorption of anionic biocolloids from the sludge floc, which replaced solution colloids that were discarded with the elutant liquors (8, 9) . This indicated that the adsorbed biocolloidal fraction was both large and weakly adsorbed.
Applying this observation to sludge conditioning, an optimum dose of polyelectrolyte would result in polyelectrolyte bridging between sludge flocs and virus particles, forming a matrix bound by electrostatic attraction. If excess polyelectrolyte were added, as apparently happened in plants B and D, the adsorption sites on both floc and virus would be saturated, so that no bridging would occur and normally tightly bound virus would be liberated into the liquor fraction of the sludge, becoming more readily detectable. It is interesting, in this regard, to note that the property of cationic polyelectrolytes has been exploited for the recovery of virus from raw and digested sludges, which were flocculated with Zetag 94 before protein elution of the virus (7).
